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(54) MICROCAPILLARY ARRAY, ITS PRODUCTION, AND MATERIAL INJECTION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a microcapillary array 
capable of individually and properly manipulating cells, 
therefore useful in e.g. gene transfer operations, so designed 
that a plurality of hollow capillaries each consisting of a thin 
filmy material and having a specified outer diameter are ^ ; v 

penetrated through a substrate and projected from one surface 
of the substrate so as to represent a two-dimensional array 
fashion. 

SOLUTION: This microcapillary array is so designed that a 
plurality of hollow capillaries 16 each consisting of a thin filmy 
material such as silicon oxide or silicon nitride and having an 
outer diameter of 2-1 0 \im are penetrated through a substrate 
such as a silicon substrate and projected from one surface of 
the substrate so as to represent a two-dimensional array 
fashion; wherein the respective tips of these hollow capillaries 
1 6 communicate with the outside at the respective parts other 
than the forefront tips. Furthermore, it is preferable that each 
of the microcapillaries is made by the following procedure: a 
fine hole is bored from one surface of the substrate inward, a 

thin film is formed on the inner wall of the hole, the substrate is then etched from the opposite 
surface to expose the hollow structure consisting of the thin film formed on the inner wall of the hole, 
and the tip of the hollow structure is opened. 
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* NOTICES * 




JPO and NCIPl are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The micro capillary tube array characterized by penetrating a substrate, and for two or more 
hollow capillary tubes with an outer diameter of 2-10 micrometers projecting, and preparing them from one 
front face of said substrate. 

[Claim 2] The micro capillary tube array characterized by penetrating said substrate, and for two or more 
hollow capillary tubes which consist of the thin film quality of the material formed in a substrate front face 
projecting, and preparing them from one front face of said substrate. 

[Claim 3] It is the micro capillary tube array according to claim 2 which said substrate is a silicon substrate 
and is characterized by said thin film quality of the material being silicon oxide or silicon nitride. 
[Claim 4] The point of said hollow capillary tube is a micro capillary tube array according to claim 1 , 2, or 
3 characterized by being open for free passage with the exterior in parts other than the latest section. 
[Claim 5] The production approach of the micro capillary tube characterized by to include the process at 
which the hollow structure which consists of a thin film which etched said substrate from the process which 
processes a small hole toward the interior from one front face of a substrate, the process which forms a thin 
film in the wall of said hole, the front face which processed said hole, and the front face of the opposite 
side, and formed in the wall of said small hole exposes, and the process to which opening of the point of 
the hollow structure which consists of said thin film carries out. 

[Claim 6] The process to which opening of said point is carried out is the production approach of the micro 
capillary tube according to claim 5 characterized by leaving and carrying out opening of the latest section 
of said hollow structure. 

[Claim 7] The process which processes two or more small holes in a predetermined array toward the 
interior from one front face of a substrate, The process at which two or more hollow structures which 
consist of a thin film which etched said substrate into the wall of two or more of said small holes from the 
process which forms a thin film, the front face which processed said small hole, and the front face of the 
opposite side, and was formed in the wall of said small hole are exposed, The production approach of the 
micro capillary tube array characterized by including the process to which opening of the point of two or 
more hollow structures which consist of said thin film is carried out. 

[Claim 8] The process to which opening of said point is carried out is the production approach of the micro 
capillary tube array according to claim 7 characterized by leaving and carrying out opening of the latest 
section of said hollow structure. 

[Claim 9] The process to which opening of the point of the process and hollow structure of processing said 
two or more small holes is carried out is the production approach of the micro capillary tube array 
according to claim 7 or 8 characterized by carrying out by focusing ion beam machining. 
[Claim 10] The process to which opening of the point of the process and hollow structure of processing 
said two or more small holes is carried out is the production approach of the micro capillary tube array 
according to claim 7 or 8 characterized by carrying out by ICP-RIE processing. 

[Claim 1 1] It is the creation approach of the micro capillary tube array of claim 5-10 characterized by for 
said substrate being a silicon substrate and said thin film consisting of silicon oxide or silicon nitride given 
in any 1 term. 

[Claim 12] The matter injector characterized by including a means to drive relatively the means, said cell 
maintenance means, and said micro capillary tube array for making a cell maintenance means to hold two 
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or more cells in a predeten^Bfe pitch array, the micro capillary tube arr^^iich a tip equips with two or 
more hollow capillary tubes with an outer diameter of 2-10 micrometers projected from the substrate in 
said predetermined pitch array, and said micro capillary tube array inhale or breathe out the matter. 
[Claim 13] The matter impregnation approach characterized by including the step which holds two or more 
cells in a predetermined pitch, the step which attracts the matter to the micro capillary tube array arranged 
in said predetermined pitch, the step which thrusts into the cell corresponding to each capillary tube the tip 
of a micro capillary tube array which attracted said matter, and the step which injects the matter in a 
capillary tube into a cell. 

[Claim 14] The matter impregnation approach characterized by including the step which holds two or more 
cells in a predetermined pitch, the step which thrusts into the cell corresponding to each capillary tube the 
tip of the micro capillary tube array arranged in said predetermined pitch, the step which attracts the matter 
in the cell which was able to be pierced in the capillary tube in a capillary tube, and the step which injects 
into other cells the matter attracted in the capillary tube. 

[Claim 15] The cell which carried out fissiparity from the cell into which the matter was injected by the 
approach according to claim 13 or 14, and its cell. 

[Claim 16] The adult obtained from the cell into which the matter was injected by carrying out fissiparity 
by the approach according to claim 13 or 14. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the microinjection array system used for injecting a gene 

etc. into a cell, the micro capillary tube array used for it, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, the so-called research and development of the biotechnology 
which is progressing quickly on the basis of biology, medicine, pharmaceutical sciences, biochemistry, 
gene engineering, etc. are progressing at an ever-advancing speed, and are progressing to the elucidation of 
the living thing function in DNA level from an organization or research on cell level, especially , the gene 
recombination DNA technique in which it will be regard as the nucleus technique in respect of application 
of biotechnology in the future develop from the drugs production for the original microorganism , and 
amelioration of high animals and plants , such as agricultural products and livestock , production of a food 
material or a chemistry article , gene therapy , and the researches and developments covered extensively 
variably , such as an animal duplicate ( cloning ) , be further further . In research of such biotechnology, the 
needs to handling of biopolymers, such as a cell, a nucleus, a chromosome, DNA, and protein, are high, 
and many attempts to which it is going to apply the outstanding function which the living thing has in 
engineering or industrially are also made. 

[0003] as the approach of injecting matter, such as DNA, into a cell — the electroporation method and party 
Kurgan — law, the microinjection method, the membrane fusion method, etc. are learned. The 
electroporation method is the approach of making the cell permeability temporarily, applying an electric- 
field pulse to a cell. The approach of the party Kurgan method accelerating the metal particles to which 
matter, such as DNA, was made to adhere, applying to a cell, and driving into intracellular, the method of a 
microinjection method stabbing a micro capillary tube into a cell, and pouring in matter, such as DNA, and 
a membrane fusion method are the approaches of making unite with a cell membrane the liposome which 
enclosed the matter using chemicals, such as a polyethylene glycol, and making it unite with a cell. Since a 
cell has the magnitude of several micrometers to dozens of micrometers, and micro meter size, in order to 
treat these detailed objects well, the detailed tool set by the object is needed. The above-mentioned 
approach is used as a tool which injects a gene into a cell. 
[0004] 

[Problem(s) to be Solved by the Invention] Although an activity starts since a gene is injected into a cell in 
research of biotechnology, the approach or tool which can inject a gene into many cells efficiently till the 
present is not developed. Since the above-mentioned electroporation method was an approach of pouring in 
by treating a cell as an ensemble rather than being individual, it had be [ many wastes of a cell / and ] 
problems that the effectiveness of transgenics actuation was very bad. The same is said of the party Kurgan 
method. Although the microinjection method was an approach that transgenics could be performed 
certainly, since transgenics was completed only into the cell of a piece at once, there was a problem that the 
effectiveness of transgenics actuation was very bad. 

[0005] This invention was made in view of the present condition that neither the actuation tool which can 
handle a cell individually and correctly in this way, nor the actuation technique is established, and aims at 
offering the actuation tool which can handle a cell individually and correctly. This invention aims at 
offering the art which can process a lot of cells again after holding the property of piped mode operation. 
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[0006] 

[Means for Solving the Problem] By array-izing a detailed capillary tube using the ultra- fine processing 
technology used for manufacture of a semiconductor device etc., this invention develops the microinjection 
array system in which batch processing of transgenics actuation is possible for many cells to individual 
actuation and the coincidence of a cell, and aims at improvement in effectiveness of a transgenics activity. 
[0007] Drawing 1 is the conceptual diagram of the gene pouring-in method by the microinjection array 
system of this invention. The microinjection array system of this invention is equipped with the micro 
chamber array 10 and the micro capillary tube array 15. The micro chamber array 10 is equipped with the 
micro chamber 1 1 of a large number which can hold the cell 13 of a piece piece according to an individual. 
If the micro chamber 1 1 consists of a free passage hole 12 which is open for free passage at the pars 
basilaris ossis occipitalis of the pit which became depressed from the front face, and a pit and makes the 
magnitude of a pit somewhat more smallish than the diameter of a cell 13, the prehension of only the cell of 
a piece of it will be attained. At the time of cell prehension, in the suspension by which the cell entered on 
the micro chamber 1 1 , if negative pressure is applied to a pit from behind through a sink and the free 
passage hole 12, negative pressure suction immobilization of the cell 13 of a piece will be carried out at one 
chamber 1 1 . By array-izing a micro chamber, many cells can be collectively arranged and fixed to the 
shape of an array. 

[0008] The micro capillary tube array 15 is equipped with the micro capillary tube 16 of a large number 
which have a tip with an outer diameter of about 2-10 micrometers which arranged in the shape of an array 
and was formed in the same array as the array of the micro chamber 11, using the micro capillary tube 16, 
bundles up matter impregnation of DNA etc. to all the cells 13 held at the micro chamber 11, and performs 
it. It is characterized by for two or more hollow capillary tubes with an outer diameter of 2-10 micrometers 
penetrating a substrate, and for the micro capillary tube array by this invention projecting from one front 
face of a substrate, and being prepared. 

[0009] It is characterized by for two or more hollow capillary tubes which consist of the thin film quality of 
the material formed in a substrate front face again penetrating a substrate, and for the micro capillary tube 
array by this invention projecting from one front face of a substrate, and being prepared. A substrate can be 
used as a silicon substrate and the thin film quality of the material can be used as silicon oxide or silicon 
nitride. As for the point of a hollow capillary tube, it is desirable that it is open for free passage with the 
exterior in parts other than the latest section. 

[0010] The production approach of the micro capillary tube by this invention is characterized by to include 
the process at which the hollow structure which consists of a thin film which etched a substrate from the 
process which processes a small hole toward the interior from one front face of a substrate, the process 
which forms a thin film in the wall of a hole, the front face which processed the hole, and the front face of 
the opposite side, and formed in the wall of a small hole exposes, and the process to which opening of the 
point of the hollow structure which consists of a thin film carries out. It is desirable to leave and carry out 
opening of the latest section of hollow structure at the process to which opening of the point is carried out. 
[001 1] The production approach of the micro capillary tube array by this invention Moreover, the process 
which processes two or more small holes in a predetermined array toward the interior from one front face 
of a substrate, It is characterized by including the process at which two or more hollow structures which 
consist of a thin film which etched the substrate into the wall of two or more small holes from the process 
which forms a thin film, the front face which processed the small hole, and the front face of the opposite 
side, and was formed in the wall of a small hole are exposed, and the process to which opening of the point 
of two or more hollow structures which consist of a thin film is carried out. It is desirable to leave and carry 
out opening of the latest section of hollow structure at the process to which opening of the point is carried 
out. Focusing ion beam machining, or ICP and RIE processing can perform the process to which opening 
of the point of the process and hollow structure of processing two or more small holes is carried out. 
[0012] A substrate can be used as a silicon substrate and a thin film can be formed with silicon oxide or 
silicon nitride. A thin film is good also as a metal thin film formed by approaches, such as vacuum 
evaporationo. The matter injector by this invention is characterized by to include a means to drive relatively 
the means, the cell maintenance means, and said micro capillary tube array for making a cell maintenance 
means to hold two or more cells in a predetermined pitch array, the micro capillary tube array which a tip 
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equips with two or more h<^^ capillary tubes with an outer diameter o^^O micrometers projected from 
the substrate in said predetermined pitch array, and a micro capillary tube array inhale or breathe out the 
matter. 

[0013] Moreover, the matter impregnation approach by this invention is characterized by including the step 
which holds two or more cells in a predetermined pitch, the step which attracts the matter to the micro 
capillary tube array arranged in said predetermined pitch, the step which thrusts into the cell corresponding 
to each capillary tube the tip of a micro capillary tube array which attracted the matter, and the step which 
injects the matter in a capillary tube into a cell. 

[0014] The matter impregnation approach by this invention is characterized by to include the step which 
holds two or more cells in a predetermined pitch, the step which thrusts into the cell corresponding to each 
capillary tube the tip of the micro capillary tube array arranged in said predetermined pitch, the step which 
attracts the matter in the cell which was able to be pierced in the capillary tube in a capillary tube, and the 
step which injects into other cells the matter attracted in the capillary tube again. This invention is the cell 
which carried out fissiparity again from the cell into which the matter was injected by the above-mentioned 
approach, and its cell. This invention is the adult obtained from the cell into which the matter was injected 
by carrying out fissiparity by the above-mentioned approach again. 

[0015] The matter injector or the matter impregnation approach of this invention can be used in order to 
inject the fluorochrome biopolymers, such as DNA and protein, and for indicators etc. into a cell, and it can 
be used for artificial amelioration and the breeding of animals and plants. According to this invention, by 
array-ization of a transgenics device, the transgenics actuation for many cells is attained and working 
efficiency and DNA installation effectiveness can be improved sharply. Moreover, since the gene pouring- 
in method of this invention is a direct impregnation method, it can perform transgenics certainly compared 
with other methods. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. First, drawing 2 - drawin g 4 are used and the production approach of a micro 
capillary tube array is explained. Drawin g 2 shows the processing process of a silicon substrate that a micro 
capillary tube is formed. The hole 21 of a large number which prepare the silicon substrate 20 with a 
thickness of about 200-400 micrometers, have the outer diameter of about 2-10 micrometers in it like 
drawing 2 (a) as shown in drawing 2 (b), and have a depth of 50 micrometers or more is aligned in the 
shape of a grid, and is formed. Processing which used the focused ion beam (Focused Ion Beam:FIB), or 
high density plasma etching (Inductively Coupled Plasma Reactive Ion Etching:ICP-RIE) can perform the 
process which forms this hole 2 1 . 

[0017] Although processing takes time amount to processing by FIB in order to make one hole 21 at a time, 
moving a silicon substrate 20 in step on a precision stage, it can form the structure in which the point of a 
hole sharpened. Consequently, the radius of curvature of a point can produce about 0.1 micrometers and the 
micro capillary tube which sharpened keenly through the below-mentioned process. It is more desirable for 
a point to sharpen keenly, though natural as capillary tube structure for transgenics. 
[001 8] Moreover, processing by ICP-RIE forms the pattern of a hole in the photoresist applied to the 
silicon substrate surface according to a photolithography process, and forms a hole by etching by the high 
density plasma of reactant ion by using the photoresist as a mask. Although the ICP-RIE method can form 
many holes at once by short-time processing, it cannot make the tip of a hole thin like FIB processing. 
[0019] Thin film formation is performed after that to the silicon substrate 20 in which the hole was formed, 
using approaches, such as thermal oxidation, a heavy dope, the gaseous-phase depositing method, and 
sputtering. For example, as shown in drawing 2 (c), the whole surface is oxidized and it covers by the 
silicon oxide (Si02) film 22 also including the wall part of a hole 21 . Formation of the silicon oxide film 
22 to the wall of a substrate front face and a hole 21 can be performed by heating a silicon substrate at 
about 1 150 degrees C for example, in an oxygen ambient atmosphere. An oxide film with a thickness of 
about 0.2 micrometers is formed with heating of 1 hour, and an oxide film with a thickness of about 1 
micrometer can be formed with heating of 10 hours. In order to secure the reinforcement of the micro 
capillary tube finally formed, the thickness of the silicon oxide film 22 is about 1 micrometer. When 
replacing with the silicon oxide film and forming a silicon nitride film, it can form by mixing SiH4 and 
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ammonia by the low voltag^aseous-phase depositing method (LPCVD), and making it react at 800 
degrees C. 

[0020] Next, a glass substrate is processed as shown in drawin g 3 . As shown in drawing 3 (a), the glass 
substrate 30 with a thickness of about 0.5mm is prepared. By etching the glass substrate 30 in fluoric acid 
by making chromium and gold into a resist, as shown in drawing 3 (b), it leaves the periphery section 3 1 to 
one side, a crevice 32 is formed, and it processes dished. Furthermore, as shown in drawing 3 (c), the 
through tube 33 which is open for free passage from a crevice 32 to the field of the opposite side of a 
substrate with a drill or ultrasonic machining is formed near the core of a glass substrate 30. 
[0021] Next, as shown in drawing 4 , the silicon substrate 20 produced at the process of drawing 2 and the 
glass substrate 30 produced at the process of dr awin g 3 are joined, it is processed further, and a micro 
capillary tube array is produced. First, as shown in drawing 4 (a), the field of the side in which the hole 21 
of the silicon substrate 20 produced at the process of drawing 2 is carrying out opening, and the near field 
in which the crevice 32 of the glass substrate 30 produced at the process of drawing 3 was formed are 
doubled, and anode plate junction is carried out. Next, as shown in drawing 4 (b), TMAH etches a silicon 
substrate 20 greatly using the organic alkali solution contained thinly from the field 24 of the opposite side 
the side in which the hole 21 is carrying out opening. Since silicon oxide or silicon nitride is not etched, the 
hollow needle which consists of silicon oxide or silicon nitride can be made to project from a substrate so 
that it may illustrate. However, since silicon oxide or a silicon nitride film will also be etched little by little, 
the protective coat to silicon oxide or a silicon nitride film 22 is required. The glass substrate 30 joined to 
the field of the side in which the hole 21 of a silicon substrate 20 is carrying out opening plays the role of 
this protective coat. Moreover, after etching, since the thickness of a silicon substrate 20 becomes very thin, 
the glass substrate 30 is required also from the field of maintenance of a silicon substrate 20. 
[0022] In this way, it will be in the condition that much silicon oxide or the saccate hollow needle 25 made 
from a silicon nitride film projected from a silicon substrate 20. However, in this phase, the saccate hollow 
needle 25 is an owner bottom, and only the top face has opened it wide. In addition, since silicon oxide or a 
silicon nitride film 22 also becomes thin gradually while etching silicon, in order to fully secure the die 
length of the hollow needle 25, the silicon oxide or the silicon nitride film 22 formed at the process of 
drawing 2 (c) must be made sufficiently thick. 

[0023] It is also the same as when using thin films other than silicon oxide or silicon nitride, and etches on 
the conditions to which the etch rate of silicon becomes quick enough compared with the thin film quality 
of the material. By it, the hollow needle which consists of the thin film quality of the material can be made 
to be able to project from a substrate, and can be formed. As thin films other than silicon oxide or silicon 
nitride, there is a metal thin film formed, for example by vacuum evaporationo. Then, as shown in drawin g 
4 (c), it considers as the capillary tube 27 which makes a hole 26 near the tip of the saccate hollow needle 
25, and is open for free passage to shaft orientations. The perforating process of this saccate hollow needle 
25 is explained below. FIB processing or RIE processing can be used as the approach of this perforating 
process. 

[0024] Drawin g 5 is the explanatory view of the approach of making a hole in a saccate hollow needle by 
FIB processing. FIB processing equipment can detect the secondary electron emitted from a sample by 
scanning a weak ion beam to a sample, and can observe a scan ion microscope (SIM) image. Observing the 
saccate hollow needle 50 with an SIM image, FIB51 irradiated by the position is strengthened, and as 
shown in drawing 5 (a), a hole 52 is made near the tip of the saccate hollow needle 25. According to this 
approach, as illustrated, the tip location of the saccate hollow needle 50 can be removed, and a hole 52 can 
be made in a side face. Therefore, as typically shown in drawing 5 (b), the sharpness of the point of the 
hollow needle 50 can be maintained and the micro capillary tube 55 which is easy to stab a cell can be 
formed. 

[0025] Drawing 6 is the explanatory view of the approach of making a hole in a saccate hollow needle by 
RIE processing. In this case, a resist 63 is applied until the saccate hollow needle 25 is buried with the side 
which the saccate hollow needle 25 which consists of silicon oxide film 22 of a silicon substrate 20 has 
projected, as first shown in drawing 6 (a). Subsequently, as shown in drawin g 6 (b), the silicon substrate 20 
which applied the resist 63 is arranged between an electrode 66 and 67, and the resist 65 is etched by RIE. 
If the tip of the saccate hollow needle 25 comes out, the tip of the saccate hollow needle 25 will also be 
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etched with a resist 63. It e^^s measuring the thickness of the resist lay^^, and etching is suspended in 
the phase which the hole opened at the tip of the saccate hollow needle 25. In this way, as a cross section is 
shown in dr^wing_6 (c) and a perspective view is typically shown in drawing 6 (d), a hole 62 can open at a 
tip and the micro capillary tube 65 which was open for free passage to shaft orientations can be formed. 
According to RIE processing, the advantage which can make a hole at once is in many saccate hollow 
needles 25. 

[0026] A micro capillary tube array is produced as mentioned above. This micro capillary tube array is 
used by the micro chamber array and the pair. A micro chamber array is a detailed tool held in a specific 
location so that an object cell may not escape in the case of transgenics actuation. Below, the production 
approach of a micro chamber array is explained. 

[0027] Drawin g 7 is process drawing explaining an example of the production approach of a micro 
chamber array. First, as shown in drawing 7 (a), the quartz substrate 70 with a thickness of about 100 
micrometers is prepared, and the metal resist layers 71a and 71b are formed in a front face and a rear face. 
Resist layer 71a by the side of a front face removes the resist of a circular field with a diameter of about 10 
micrometers in the same pitch as the array pitch of a micro capillary tube array according to the 
photolithography process. By fluoric acid, as shown in drawing 7 (b), anisotropic etching of the quartz 
substrate 70 with which these resist layers 71a and 71b were formed is carried out. After anisotropic 
etching termination, removal of the resist layers 71a and 71b obtains the quartz substrate with which the 
taper-like through tube (micro chamber) 72 was formed in the same pitch as the array pitch of a micro 
capillary tube array, as shown in drawing 7 (c). 

[0028] Next, as shown in drawing 7 (d), the substrate glass substrate 74 which has the crevice 75 and 
through tube 76 which were produced at the process same with having been shown in the quartz substrate 
70 with which the through tube 72 of the shape of this taper was formed at drawin g 3 is pasted up. Then, as 
shown in drawin g 7 (e), the pump connection member 77 which consists of glass or transparence plastic 
material is pasted up on the inferior surface of tongue of the substrate glass substrate 74. The pump 
connection member 77 is for making open for free passage the pump which does not illustrate the through 
tube 76 of the substrate glass substrate 74, and is a tabular member which has the connection 79 connected 
to a through tube 76 on a side face with free passage ****** 78 at the passage 78. By connecting and 
attracting between a connection 79 and pumps by the tube 90, as typically shown in drawin g 7 (e), it can 
attract and hold one cell 91 at a time in the through tube 72 of the shape of a taper of the quartz substrate 
70. A member 74 and a member 77 are not used as another object, but are good also as one unified 
member. When the quartz substrate 70 is used as a substrate of a micro chamber array, since it is 
transparent, a quartz substrate has the advantage that positioning using an inverted microscope is attained 
from the inferior surface of tongue of a substrate like the after-mentioned, and alignment becomes easy. 
[0029] Drawin g 8 is process drawing explaining other examples of the production approach of a micro 
chamber array. In this example, as shown in drawing 8 (a) as a substrate, the single crystal silicon substrate 
80 of bearing (100) is used. The resist layers 81a and 81b are formed in the front face and rear face of this 
silicon substrate 80. According to the process of photolithography, resist layer 81a by the side of a front 
face removes the resist of the square shape field of diameter angle extent of 20 micrometers in the same 
pitch as the array pitch of a micro capillary tube array. Anisotropic etching is carried out, as it is immersed 
in a KOH solution and the silicon substrate 80 in which these resist layers 81a and 81b were formed is 
shown in drawing 8 (b). After anisotropic etching termination, removal of the resist layers 81a and 81b 
obtains the silicon substrate 80 in which the taper-like pit 82 was formed in the same pitch as the array 
pitch of a micro capillary tube array, as shown in drawing 8 (c). 

[0030] Next, a resist layer is formed in the rear-face side of a silicon substrate 80 where the taper-like pit 82 
was formed in the front-face side, and the resist layer of the part which corresponds just under the taper-like 
pit 82 is removed the diameter of about 2-5 micrometers. And by processing it by IPC-RIE by using this 
resist layer as a mask, as shown in drawing 8 (d), the substrate through tube 83 from the rear face of a 
silicon substrate 80 to the pit 82 of the shape of a surface taper is formed. 

[0031] Then, as shown in drawing 8 (e), the substrate glass substrate 84 which has the crevice 85 and 
through tube 86 which were produced at the process same with having been shown in drawin g 3 is pasted 
up on the silicon substrate 80 in which the through tube 83 was formed with an anode plate conjugation 
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method. Furthermore, the ^top connection member 87 which consists o^^ss or transparence plastic 
material is pasted up on the inferior surface of tongue of the substrate glass substrate 84. The pump 
connection member 87 is for making an external pump open the through tube 86 of the substrate glass 
substrate 84 for free passage, and is a tabular member which has the passage 88 which is open for free 
passage to a through tube 86, and has the connection 89 which is open for free passage on a side face in the 
passage 88. By connecting and attracting between a connection 89 and pumps by the tube 90, as typically 
shown in drawingi? (e), it can attract and hold one cell 93 at a time in the pit 82 of the shape of a taper of a 
silicon substrate 80. A member 84 and a member 87 are not used as another object, but are good also as one 
unified member. 

[0032] Since the path of the through tube 83 linked to the pit 82 of the shape of a taper holding a cell 93 
can be made small when a silicon substrate 80 is used as a substrate of a micro chamber array, there is an 
advantage that it can hold also in a small cell. 

[0033] Drawmg_9 is the whole example block diagram of the microinjection array system by this invention, 
the micro chamber array 100 and the DNA container 150 which this system consisted of with the quartz 
substrate — laying - a movable in two-dimensional direction transparence X-Y stage 110, and X-Y stage 
1 10 top - the micro capillary tube array 120 - the vertical direction (Z direction) migration - it has the 
operational manipulator 130. The micro chamber array 100 is arranged on the electrostrictive actuator 160. 
The pump 1 12 is connected to the micro chamber array 100 through the tube 111, and the syringe 122 is 
connected to the micro capillary tube array 120 through the tube 121. The inverted microscope 140 for 
alignment is arranged under X-Y stage 110. DNA impregnation actuation to the cell using the 
microinjection array system shown in drawing 9 is performed according to the following procedures. 
[0034] (1) Carry out suction immobilization of every one cell 1 15 at each chamber, applying negative 
pressure for cell suspension with a sink and a pump 1 12 on a micro chamber array. The cell which was not 
fixed is passed away. 

(2) Move X-Y stage 110 and position the DNA container 150 under the micro capillary tube array 120. 

(3) A manipulator 130 is operated, the micro capillary tube array 120 is moved caudad, and it is immersed 
into the solution of the DNA container 150. 

[0035] (4) Operate a syringe 122 and attract the DNA solution in the DNA container 150 to the micro 
capillary tube array 120. A DNA solution is attracted inside each capillary tube. By adjusting the DNA 
concentration in a DNA container suitably, DNA is able to be made to be attracted by all micro capillary 
tubes enough. 

(5) A manipulator 130 is operated, move the micro capillary tube array 120 up, move X-Y stage 110, and 
position the micro chamber array 100 under the micro capillary tube array 120. 

(6) Observing the micro chamber array 100 and the micro capillary tube array 120 from the lower part of 
X-Y stage 110 using an inverted microscope 140, make X-Y stage 110 move slightly, and carry out 
alignment of both correctly. 

[0036] (7) Operate a manipulator 130, move the micro capillary tube array 120 caudad, and thrust the tip of 
the micro capillary tube array 120 into each cell 115 currently held at the micro chamber array 100. At this 
time, the actuation which stabs a cell with a micro capillary tube becomes easy by vibrating the cell 1 15 in 
which the electrostrictive actuator 160 which has carried the micro chamber array 100 is driven, and the 
micro chamber array 100 is adsorbed. 

(8) Operate a syringe 122 in the condition that the micro capillary tube of the micro capillary tube 120 is 
pierced in each cell 1 15 in which the micro chamber array 100 is adsorbed, and inject DNA in a micro 
capillary tube into a cell 115. 

[0037] (9) the direction which operates a manipulator 130, moves the micro capillary tube array 120 up, 
and shows X-Y stage 1 10 to drawin g 10 by the arrow head — moving — the new cell of another block of the 
micro chamber array 100 — the micro capillary tube array 120 — caudad — positioning . 

(10) Perform DNA impregnation actuation to all the cells in which the micro chamber array 100 is 
adsorbed, repeating actuation of (9) from the above (6) and filling up DNA from the DNA container 150 if 
needed. 

(11) Give positive pressure to a micro chamber array by carrying out the inversion drive of the pump 112, 
cancel suction immobilization of a cell, and collect the cells into which DNA was injected, after performing 
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DNA impregnation into al^^s. By such actuation, DNA can be separa^^Doured in certainly to a lot of 
cells. 

[0038] Moreover, a micro capillary tube can be thrust into the cell 115 held to the micro chamber array 
100, and the matter which contains a nucleus by pouring in the matter which held other cells to the micro 
chamber array 110, pierced the micro capillary tube, and was attracted in the capillary tube after attracting 
the matter containing an intracellular nucleus can be transplanted between cells. Although it can also work 
in that case, exchanging cells by one micro chamber array 100, working efficiency can be raised, if another 
micro chamber array is placed on X-Y stage 1 10 instead of the DNA container 150 of drawing 9 and it 
works in the above-mentioned procedure. 

[0039] In addition, in the example shown in drawing 9 , positioning of the micro chamber array 100 and the 
micro capillary tube array 120 was performed using the inverted microscope 140 from the lower part of 
transparent X-Y stage 1 10. However, the positioning approach of a micro chamber array and a micro 
capillary tube array is not limited only to the approach which used the inverted microscope. For example, 
as shown in draw ing JLI , the alignment mark 102 is formed every block 101 of the micro chamber array 
100, and both alignment can also be performed by checking an alignment mark 102 under the erection 
microscope installed in the micro capillary tube array side. Or it is also possible to carry out without 
needing a check according a micro chamber array and micro capillary tube array alignment to a microscope 
by using an X-Y stage with a high delivery precision. 

[0040] Moreover, in the system shown in drawing 9 , DNA was poured in in order for every block of a 
micro chamber array, setting up the number of the capillary tubes of 120 in a micro capillary tube array 
fewer than the number of chambers in the micro chamber array 100, and moving the micro chamber array 
100 relatively to the micro capillary tube array 120. However, DNA can be injected into all the cells once 
held by actuation at the micro chamber array if the number of the capillary tubes in a micro capillary tube 
array and the number of chambers in a micro chamber array are set up equally. 

[0041] Moreover, although the micro chamber array 100 is moved in X and the direction of Y and it was 
made to drive the micro capillary tube array 120 in the vertical direction (Z direction) in the system shown 
in drawing 9 , it is the micro chamber array's 100 considering as immobilization, and making the micro 
capillary tube array 120 movable also in X and the direction of Y with the vertical direction, and, of course, 
it is also possible to perform DNA impregnation into all the cells by which suction immobilization was 
carried out at the micro chamber array 100. 

[0042] In the impregnation trial for which the rate of prehension of one cell used the fluorochrome 30% in 
the experiment using a poplar protoplast with the equipment by this invention incorporating 300- 
micrometer spacing, the micro capillary tube array of 50x50 arrays, and a micro chamber array, the 
injection ratio was 30%. Therefore, the matter was able to be once injected into about 200 cells by 
actuation. Business time amount is about 1 minute. In the conventional microinjection method, it means 
that processing effectiveness had improved about 200 times by this invention as compared with the 
conventional method since a limit performed impregnation processing to one cell by the almost same time 
amount. 
[0043] 

[Effect of the Invention] According to this invention, it becomes possible to produce the micro capillary 
tube array for injecting the matter into a cell, and it becomes possible by using the micro capillary tube 
array to introduce the matter separately certainly to a lot of cells. 
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^K-r?>. £1*. 04 (a) ic^-rj;^ 

(C. 0 2©X@T*f£§3bfc>'y 3>S«2 0©7t2 1 ifi 10 
MPbTViSftijOSt, 0 3©XgTf£®|L.f;:#7XS 

£-r&„ #ctc, 0 4 (b) fcjR-rJ;3fc, ->U3>s« 

2 0£, 7X2 l#MPbTU-5flJiK*HfiiJ<Z>H2 4*^ 
TMAH*5i<tSnTV^fi7M'Ji*^ViT 
* * < x y > ^ f * . »i b -> U n > * * v » ttSSfl: -> u 
3>texy? 1 >2f3nft^©T, 0^T3<fc3«;:. $Hb 

e^m$-&2>ca:*iT€^. L^L-ft^S, &E-fbxU3 

>&&^i^bvU3>mv>b^ox^>^£tiT 20 

L$5©-C\ &<fb:>'J 3>&-£^te^fb->U 3>W2 2 
fc»-r*«8Blt*»^SST**. 5> 'J ^ 2 0 ©J* 2 

1 LTt**fl|©®K:*£lx&#7X£«3 0 
£©«««©&«£*£-?-,, Xy^>^«, ->U 

3 2 0 ©J¥ $ iC» < ft: £ Of. ->U3>I 
«2 0OfiU*«DBi^6 , bif7Xai«3 0I1*ST*S. 

[0 0 2 2] ^'J3>««2 0*»6*jRO» 

<fc->'J 3 >** W**ffc->U 3 >^«©Stt*^tf2 5 

«f2 5te*nKT**K ±ffi©*-*iM4ScUTVi-5. ft*. 30 
•> 1 J 3 > £ X -V 9- > if L X ^ < fflZ Wtit > U 3 > & 5 U 
ttS-fb->'J 3>I2 2 fe^lC»<ftoTVi<©T, * 
££f2 5©*££3fc#fc:*«"r4fc«>fc:tt. 1212 (c) 

©igT'jg/5rt-5®Hb->'j 3 >** wasMb->ij 3 >k 

2 2S*»*< UT*J^ft^n«ft^.ftl». 

[0 0 2 3] BMfc^-U 3>**MMSfc^U 3>£tfV© 

3 > © x ^ 3 1 > ^»«#+# fc a < ft a *fr tx y > 

KJ:oT»i«U;fc&*»*tft£***a*. f^T\ 1214 
(c) 5©$teiHttififc:rt2 

HCDfttttfift 2 5©?tMltiOXtCO^T. ^(CiSBJT 

[0 0 2 4] 1215 te, F I BjDXtCtoTg^fStHC 
A^ittS^SCI^IT^S. F I BJPX^Mtt. IS 
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»a*n*njfcm : F*«muTj6*'f*>»a» (s i 
oeflucLfttfe. Brje©tt«TRis*-r*F i 

0 5 (a) \Z7fi?*.5tZ&ftq>&& 
2 5©3t«#ififC^5 2S:^ttS. Cl©*ftlCj;^ i. 
07*L/fc«fc?Klgtt+£ff5 0©$fcagffiBSrfl.LTffl«H 
£A5 2*HW-*E£*«T**. "tOtc®. 0 5 (b) 
K*5tt9fc St" =k 3 fc, «f £tt 5 0 ©5fcSSB©l&£ 

U-5 5*Mt5Clt*«Tf5. 

.[0 0 2 5] H6(l R I EiPXC«kt)T^'t>$«t{C 

6 (a) tC^TiolC, ->U3>S«2 OOtfty-'Jn 
>M2 2]6»&fc:*fi#+2»«-2 5*»I61HI/T^*«fc, 

*UT, 0 6 (b) l/^h6 3*W 

Lfe->'J3>»«2 0 *fi6 6, 6 7P^(cBBfibT. 
R I ETl^X h- 6 5 Slyf>yU^<. Stt 1 *^ 

*MJUft^e.X->5 1 >yUT^#. g#+£tf2 5© 

5feSBk:?t*«WVifcR»TXy5 : ->* r *ff±-r*. ei3b 

T06 (c) K»riI]*5SH*jRU 06 (d) 

lC«jILfcV-f ;?D^tf7'J-6 5Sr»PEf 
T**. R I EJOXI'ctS #&©£?#■££&• 2 5 K 

[0 0 2 6] £U:©«k5K:UT\ V-f ^D^r-vfcT^'J — 

IStfiStf ftVi J; 5 K»SO«BrK«»r SftWy-JI'-C 

[0 0 2 7] 0 7 11 T-f^Dft^t-THO^B 
*ftO-W*ratSlSST*S. 0 7 (a) 

{'^T^Otc:. 0 0^m«E$affi7 0*ffljS 

b, «S^ailC^Il/yXM7 1 a, 7 1bW 
fiK-T^. SIfflffll/^M7 1aB7*hUyi'57 

-c-xst^ko. T-r i?D+^t:7ij-7K ©I3?ytr 

Xh»£lTt3<. t©l/y7H7 1a, 7 1b# 

jgfi£$nfc5?$s«7 o <£7-ySeT0 7 (b) tc^-r«t 
5(*s^ttx-7^>^-r^>. s*ttiyf>y*7». 

1/-/XM7 la, 7 1 b^^f^i:. 0 7 (c) \Z 
Tjk-TliOiZ, T-f i7a + ^bf5 l J-TU-1'©SB?iJk?-y5 L 
traUhTy^TT— /m©»ii?L (v-f ^Dft > A* 

[0 0 2 8] ^tC. 07 (d) (-^TiotC. Z.<T)t— 
/^«©«317L 7 2 *t»figanfc5**« 7 0t. 0 3 \Z 




( 6 ) 



07 (e) {C^-tJ^iC, TM57S«7 4CTH: 

^T.Sffi7 4©Mil?L7 6 ^EI*LfiU#>7 P (Cjg®$ 
-fr&fca&«t)©T*&9, Kffl?L7 6tCiia.S8itSS7 8 
t. <MBk:-€-©SftS&7 8K»tt-r*S5«8»7 9 

tttt«7 9 tJ^^^CDllBS^i-y 
9 0T»«bT»§|-r4^t»CJ:0. 1217 (e) 10 
MiC^Ti 5 tC, iMflg 9 1 £ 1 7 0CDf 

-Att©«iI?L 7 2 ©+KK3I LT«*Tf 3 H 

0«*ttbTt>SV». V-f ? P^ >A*-7|yf ©*t£ 

&B*©rtMffi t ft 0 , <fc«£:fo-&j&««» left 5 1 H -5 

[0 0 2 9] 08tt, T-ri/D^r Wt-7H ©f£8ll 
#£©fi!}©0J£I&BJi-rSXfg0T;g>&. £©0<JT-te, » 20 
SttT@8 (a) tC^-TJ:^^, (10 0) jj&vm 

©*M&tfMSfcUS>X hS8 1 a, 8 1 bft»*T 

^I«Ol/yXM8 1 att7*MJV^57-f- 
©XStCtO, T-f f o^^tf^U-TU-T©E^Jtf-y 

9 t tmi;ey^-pEa2 o //mftis©ftigiovy 

7. hSr^*LT*5<„ :©l/-yXM8 1a, 81b^ 
»sSLfc'>'jn>*K[8 0SKOH»*tfc:«8tl/r. B 

8 (b) {c^r<t-5tcS^ttx^5 L >^-ra. S^ttx 
yf=->^l»Ta, l/vXhS8 1a, 8 1 b$i4t5 30 
£> H8 (c) \Zm?£oiz. v-f^p^tf^U-T 

v-i<rmn\f. y^trnwyf-VT— A-#©tfy h 8 2 

[0 0 3 0] *S«HC?— ^tt©fcTy h 8 2*«# 

J&£n7c->'JP>S«8 0©S®fi!tCUi?7. f-Jl£Jl£fi!c 
L. ^-/Itt© tf y h 8 2©*T(Cffi^-ragl5^©l/> J 
XhMig2~5/imgSiSt5. tUT, d©l^ 
v'X hSSrTX^iLT I PC-R I E T^XTa d £ 
JCckO. S8 (d) »C^fJ;5(C. y'j3>M8 0© 

ssB^e>«s©x-/m©ey h 8 2 tcM-5S«sa?L 40 

8 3 

[0 0 3 1] iS^T, 118 (e) t^Ti 5 Ril?L 
8 3*«»J58Stlfc->'j3>*«8 Ofc. B3»C*Lfc© 

tra«©xeTfptt*nfciaw8 5ri/m®?L8 6£*r 

-r£T*!!#7;*,a«8 4£»«»'&S5fcJ:Dtt*-r*. 
MIC T*7tf5^*«8 4©TBB»citf7X ! bL<ttaw 
:/5:*3 L v**m*>e>&*Jl*>ySH*a&*t8 7 SfgiTf 
-So Jt?>7 p »«**r8 7t4, T*ti!^7XS«8 4©S3i 
?L8 6 £^SB©#>!/(Cjg®$tt3;t#©fc©T*cl5D, 

Haas 6Jcaa-r*a.»8 8**u. KiBwcuBS 50 
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8 8»cailT*«^8 9S*t5«ttO«WT*4. 
S^gB8 9i4?>^©K^5 1 i-^9 0T«iLTBI 
<hlcJ;9, 0 8 (e) lc«S:M{c^-r«t 3 lc. ffl 
IS9 3Slif^->'j3>i«8 0©x-A°tt©tT^ h 

spws 7ttBij#t-e-r. -H*ft;Lfc-o©»*rtLT'b 

[0 0 3 2] vi" 7 l"r©S«£UT-> 

U3>si8 o*ffl^fc«-&tc»a, «9 3£&jrr3 

r-/t«©li7 h8 2k:fl5tt-r«Jta?L8 3©&£/h£ 

[0 0 3 3] B9I1 ^ICiSY'fi'O'f >>>x27 
->3 >7K">XrA©- ^©^lifiKBTfc-5. d© 

>A , -7l/-f 10 0 tDNA^ggl 5 0 £«&BL.T2& 
7C^fB]^»Pjflgft®BJXYX^-^ 1 1 0, XYXt 
110 ±TV-f 2? d^-v tf 7 U-7W1 20 £± 

T^isi (z^fpj) iz&wjmftvjmzs.^-Vz.i'-? 1 3 

0 £<SA-5. T-f f P^-v>A*— 7 K100 ttEE^T 

1 6 OXtCiSBStlTl^o ^P^-v 
>A— TU-i 1 0 OtCtt^i-^l 1 1 ^LT#>7* 

1 1 2 3^»ttStlT*JO. ^^P*tt7'J-7W 
1 2 0tC«^i-^l 2 1 ^bTy'J >>* 1 2 
fg£tlT<^<5. XYXf-7 1 1 0©T^tCtt, &B£- 
*>*©&«>©«i*a«t 1 4 0*«El*tlT^«. i9 
IC^b/fcV-f £p-f >>?xi7 -> 3 >7KyXrA^ffl 

nfc«is^©DNAttAafm, erFc^JBtfE-aTfr 
tins. 

[0 0 3 4] (1) v-f ?Dft>/t-7Kll:»fi|j 

(2) XYXf-yl 1 O^llXDNAgUl 5 0<£ 
-^f^P^tf^'J — 7W 1 2 0©T7jtC{i@j*^T 

So 

(3) T-tfa.U'— ^ 1 3 O^fgfELTV-f^P^tf^ 
'J-7K12 0*T*l:»lllL. DNAtiil 50© 

[0 0 3 5] (4) ->U>> J 1 2 2^}if^LT-7'f d?D^ 
VWJ-7W12 OICDNA^gil 5 0 ^fflDNA 

A*««9IStl4J:5tc-r*i:ttt+»Bl(iET**. 

(5) V- tfji 1^-^ l 3 0$ifflX7<^ p^y tf7 
'J-7K 1 2 0 &±J5\Z&W)L. XYXf->'l 10 
Sr^ibbTT-r^P + ^fcf^U-Tly-f 1 2 0©T?j«C 
V-f i7 p^-fr >/\*-7 Kl 00 

(6) SlSCgl^l 4 OJffl^XXYXf-^l 1 0©T 




( 7 ) 
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J^^-fi'DftW'i-JH 10 0 
WJ-7H 1 2 0JIiL^?.XYX7-yl 1 

[0 0 3 6] (7) VZlfal/-#13 0S»#l/TV'f 

D^r-v fcT^'J— 7U-f 1 2 OOJt^Y'f^Dft^ 
-7U-f 1 0 0fc«J$*nT^4«-<r©aiiai l 5(CS§ 
*JBT. £©<t^\ V'fi'Dft^-TKlOOS 
«-frT ^-SJEtiT^ =f-3. X— ^ 1 6 0 &mW)LT-?<{ f 
Dft>A'-7i/-f iooi:K»^nxi/^Ifii 1 5 10 

(8) V-f :7P^r >A*— 7K 1 0 0fC©*$nTI/^ 
&i£IJ§l 1 5 ICT-f fa^^ fcf^U— 1 2 OOV^iTD 

**fPLT. V-r^D + Vtf^'J-f <£>DNA£fflj|gl 

1 5CftAt5. 

[0 0 3 7] (9)V-tfaU— ^ 1 3 OSrjf^LTV-f 
^0*1- tr^U-T'l/'r 1 2 0^±^tC^KiL. XYX 

iio £0y*j;£0 i o \z$<WT?m-?J5fa\z&mL 20 

T, Yi' i' □ f t >n-7 K 1 0 0 ©SijCyD •> ? O 
£rLV>*ffllia£v-f ;7P=^tf 5'J-7Wf 1 2 0<DT^ 

(10)«IB(6)^6(9)©a^*|»Ojlb, &»fc«UTD 
NA$S§1 5 0^e>DNASrffl3tet^:^e.. T-f^P^ 

t>A-7K 1 0 o\z^m^nx^^>±T<Dmm\zKi 

(lD-r^TClBiafcDNAffiXSfTofca, #>7'1 1 

2 ^jMe^Sj-r^ H tTV-f i7 >A-7 K fclE 
ffi£#*T«BI8<0»5IBJE£*MfcU DNA<iftASn 30 

iZtt LTfi* !;{|SllCDNA5iiAT2> £ fc**T#*. 

[0 0 3 8] Sfe. V1 , i7D?f>A-7Kl0 0l: 
«J3L.fc»IISl 1 5ICV-f £?P*r tf7'J-^§W 

>yt-7W 1 1 0l'ft&©8BIS£fiUtU v-T^D*-** 

#T££„ -?-<Z>l&, lOOV^f ?Oft>A-7H 1 

H19C0DNA§i§ 1 5 OCftbOCXYXf- /l 1 0 
±(Cfeo— OCDT-f ?Pft >A*-7 U-f £SUT±?B 

[0 0 3 9] 0 9 K^bTc^JTii, T-f^P^-f 

>A*-7U-f 1 0 0<i:x'-1'i7P^^tf5 , J-7U'f 1 2 
0©&Bi**£>£. SBj7iXYXx-->*l 1 0©T#J&»6> 
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TteftV>„ 01 1 \ZynT^o\Z, ~?^2u=f-\ 

>A-7H" 1 0 Q<D-7uy2 1 0 l«l;fif^bt7 
— i7 1 0 2 S»!»T**. ?^i'P*tt7 l J i -7W 
fflfctmsnfciE&E««T{M£fctfV-* 102& 

T. T-f ^P^-^A'-^WtV'f ^7P^-vt^7 , J- 
7^<^m£fci^-£^fflg|{C=fc£5^gg£ i &g<!:tf^n^ 

[0 0 4 0] B9fcSbfc->*T-ATtt. V-f* 

P**tf^U-7W4>l 2 OO^ttf7"J-0SS:V 

-f irD^Y>/t-7W i oot©ft>n-S:iO'> 

fr<R£U '7'f*n**fcr7 , J-7l"f 1 2 Ofcftb 
n<?Dft>A-7K 1 0 O^ffi^Wft^Si^-B- 

. v-r ? p^ >a— 7 w ©^p y#mzm& 

\ZDNA&ftAVtz. b5&>U ^^D+tt7'J-7 

V< ^ P^-V >A*-7 W C#J$£n&£T©*fflI§£D 

[0 0 4 1] 0 9K*bfc->X-7AT«, -V-ii? 

□ ft>A-7W 10 0 £X, Y^lSUCgH&S-fr. V 

?'D+t 5 U-7K 1 2 0 4±T*IrI (Z#[6J) 
l:l»t5±iCl/fc*«. V^f;7 P^>A'-7W 1 
OOteH^tU V< ^P^i- fcT^'J-^U-f 1 2 0£ 
±T#fai#fcX, Y^iCfc^IftoItgi-r-S^tT, 
V'fi'DftWWH 1 0 01C©5l@^StlfeT^ 

[0 0 4 2] 3 0 0MmKPH. 5 0 X 5 0 K?!|C0 V-f ^ 
D + -Vtf5U-7W, Y^^D^tVA- 7K*ffi 
*i£A,]E#»9!fc,J:*Sirr, *7*77"Dh7 ? 7Xh$ 
fflV^cH^Ttt, ffl&lfl<Z>*H£l¥tt3 0%. Sftfi* 

T, — flE©»f^T#Sj2 0 0«CD«liaK«HSffiAr«>;: 

-f>^x* -> 3 >STH. H«|lli;BtWTlfflOifflS§^ 

fflE»*anfc*«fctt«LTtt2 0 0f^[6]±bfcCi:(C 

[0 0 4 3] 

mvwmm *%w\z£z>t, mmzwgz&ATz 

tz<sb<D-?-( i7 a y tf 7 'J -7 U-f SfP«r * C 

<t tc «fc 0 AScoaSStc*tbT<l^ fcaUfcttKSWAT 

[0ffi©fa#?iitt^] 

[01] *»W©V-f d7D-f >5?i^->3 >7K-/X 
[0 2] T-f i7P^T(f7 l J-^^$tl^)->'JP>» 

t£cD;boil*l£ST0o 
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[04] ->U=i>*«£;tf7;**«£S^LTV-1' ?n 
[05] F I BSPIiCcfcoT+^fKc^^M^-S^fe© 



[06] R I ED0IfcJ:oT»f^ffl-K^*WI»4*ft© 



[0 7] T-f^D^^^A— 7U-f©ff®|*feO-^JS: 
[0 8] T-f a? v >A-7 W Off JS^ i£©ffiOM 

£sa?s-r&i*i0, 

[0 9] *%B^<0^"ri7D^>>'x^->3 >7K ->X 
[010] V<i7D + r t:7'J-7KiV-fi7Dft 

[011] ^^D+ttr^U-TK t^-f^nft 
[«F^©iftBj] 

1 0-V-f i7D3^>A*— 1 l-Y^^Dft 

>A-, 12-3SSJL 13-1E l 
■VbT^U-TW, 1 6-V-f^D + -v tf5 20 
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■••->'J3>»*R. 2 1 -ft, 2 2 -KflS'>U3>JK. 2 

5- jStt+£«\ 2 6-ft, 2 7"4tK7 , J-. 30 

31 3 2 -ia», 33-jta 

?L 5 5 1 --FIB, 5 2 -A, 5 5 

6 5 -V'f fcf^'J— , 6 6, 6 7-M. 7 0 

-CXStt. 7 1a, 7 1b-l/yXM, 7 2-f- 
/ttt©Jta?L 7 4-TM57SS. 7 5-0fli. 7 

6- jtaa, 7 7-#>^Mtaw. 7 8-m 79 

10 -ttftB. 8 0-l|M5S->'J=i>S«, 8 1a, 8 1b 
■••^H, 8 2-7— /IttOtfy K 8 3-11 
?L 8 4-Ttt#7*S«. 8 5-PafB. 8 6 -JTa 
?L 8 7-#>7&^g|$fcf. 8 8-SEBS, 8 9-»« 
gf5> 9 0.-f j-7", 9 1-fflJS. 9 3-m 100 
-7'fi'nft>n-7H . 10 
2-f4fS-&t)-frV-i7. 1 1 0-XY^f-y, 111 
•••^i-y. 112-Jp>y, 1 15-tt, 12 0- 
Vf ^D + ^tf7'J-7W"f , 12 1-?a-7, 12 
2 -v'J>v, 1 3 14 0-faiSr 

20 mum., 1 5 0-DNA^gg, leO-EV^al 
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HSffl B] 1^5^28B (1 9 9 9. 5. 2 

8) 

i^mmiE i ] 

[ffiIEl*]£] 

b xfg&t s nx ^ 3 H i t ? 2> -71- i7 P * r tf 7 
'J-7 

[If*3S2] S«^@tc^$ns?g|gl*m^S>ft3 

^o^^tf^y-**. t3iB*«<£:«-®u, mmrn 
fr-s^-f ^ p*^ tf 5 u-t u-r . 

M«K«^^-> U P >X«^C-> 'J p >X&£ £ i: 

•> ? > if b T WI2«ffl7X© F*3H (CJfcfiK b fcjSflg^ £ ft 3 * 
£«jt£gtB£i*-£XI§£:. 

MIEifSI^ <B> ft £ ^^it©^^!! P StSIgt 
£^tr £ <h <h TZ> T-f ? P*^ tf 5"J -cD^ffi!^ 

[11*316] mlie^gB^^P^-B-^XSfi. MIS* 

^«3gos$fe«ae^?ibT^p$-a:^ct$#^t-r^ 
it 5 fsso^-r ^ p^-v tf ^ y -©^^ffi. 

miiB«fco*i7t^i*ieic^ji^^fiK-r sis t . 

x > bx mteaa^ ©rt^tc^fiic b7t^K^ e ft s 



[«#*8] Bi}fE5fc«gB£ll8P£-t!--5I*§te, BufB+ 

bxm? p $ z. t tr * 

-f £ P -V tf 5 U - 7 U"f (DttMX i*o 

S«ii©3fej8a5*nps-s-«xiitti cp-ri ejjox 

fC«t^XfT'5c:«i:Sr!|*^fr-5ii*«7Xtt8IE«©-7 

[Mil] MIS*Stt->'JP>*«X*0, buIE 
WffltttKftv' 'J P >3Z.«S-fb-> U P 6>ft-5 d £ £4$ 

sfcif 3W#js5~ i oou-rn^i3SfB«K©x"r^p 

*+tf7y-7l"f £, 
en&ft&^gi: £ MIB v-f ^ P * * fcT 7 U -7 U-f i 

mmfe © tf -7 fT»E5ii $ n/t ^-r ^ p * ^ tf =7 u - 7 

bfcv-r ^ tf ^ u -7 i"f ©jfe^a 
tf 5 y-K»jfcf swiefc&sw-r*?? ^ 

£, 

+ r tf 7 U - + £«Bfl@tCft Xt * X 5" ?/ T".*: 
mmi£<D tf y ^XBB^iJS tlfc V-f i7P^^tf5U-7 

u-r ©5fe«=&#^^ tf 7 u - »c»^-r*aiiaK:**w-r 
^■v tf 7 'j-*5ss«snfciBiia*o*its*v tf 5"j 
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mtUB] Wll.*9fl2 9H (1999. 9. 2 
9) 

i^mmm 1 ] 

ummi) ^g2~ i o um<D mmttnfr 

t *&Wl t T Z> v< i7 a ^ ^ tf 5 U - 7 U-i , 

l r z> imm<D ? D * tf ^ u - 7 w . 

£ijqXf 3X*I<h, 

fj52yt©rtgtC»M£^rt-5X*§<i:. 

mtmm* <=> fc* *&ffim<D9cii%wzm □ ^tsigi 

3&M±i£,m.w-i vu*\\i?v -<D<fem.j5m~ 
wsa^j-rttswfflTt^jnx-r^x^t. 



xg t c: t <t r * □ * * tf 3 u - 7 
MOtMKOrVu '--••v...'j' ;: ' v 

6E«© 1 -f ^ ° * + tf 5 U - 7 U-f ©f£S!!#i£. 
jfiOftJBa5*BBP*-&*xett*3E-f *>tf— AJOlfc 

«t o xff 5 c t tr sin** 6xtt7e*®' 7 ' r 

[W*^_9] Hf||B1fi^:©Sffl^SrJ0X-r^XiSS.?>**^« 
jtw5fe«gB^^P^-i±^xS«i CP-RI ESnxtcJ; 

D++lf7U-7H ©f^fi^fto 
[Bt^g 1 0 3 iffllE*Ktt5''Jii>a*T»0. fiftGft 

tf5U-7U"f©fgS^. 

[ffl^js 1 1 ] *»©»jte*»fj£©fcfy?em?2*zs 
7 v-i mz &&+ &mt&&#&m t . 

$fc*#*K*»&£WLfcfl-«2~ 1 0 //m«f|» 
5ft-S «»g>frg&=fr* tf 5 U-&lHHEBr£©tr y^BJI 
T 2^7c7^-r^tc fflA^)-7^^P^ J r tf9'J-7K 

WI2 T-f i7 d^^v tf v U -7 K 
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